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The remediation of contaminated water and, consequently, its reuse has become a fundamental issue that caught the attention of worldwide experts. Beside the conventional treatments for the removal of standard contaminants, hard-to-remove emerging pollutants (i.e., a wide class of chemicals from anthropogenic origin) are significantly growing. Hence, the scientific community worked on several innovative solutions to address this issue. Advanced oxidation processes (AOPs) have been largely studied as a sustainable alternative to conventional treatments of contaminated water; Fenton and photo-Fenton processes (based on the action of ferrous ions and H2O2 with(out) UV light irradiation) are among the most promising AOPs [1]. Recently, following the “waste for cleaning waste” approach and the dictates of a sustainable circular economy, bio-based substances (BBS) isolated from urban biowaste have attracted the attention of scientists since they enhance the photocatalytic performances of photo-Fenton-like reactions at circumneutral pH [2]. Several efforts were also realized for the heterogeneization of such BBS, in order to favour their reuse, by immobilizing them at the surface of easy-removable inorganic substrates. Following this route, we synthesized and characterized BBS-functionalized magnetic nanomaterials and we performed preliminary experiments for the photodegradation of caffeine (taken as target emerging pollutant) in aqueous environment obtaining promising results [3].

Objectives




Fig. 1 MCs chemical structures.

Methods
For the synthesis of the magnetic hybrid, FeCl3 and FeSO4·7H2O (Fluka Chemika) were used as magnetite precursors and NH3 solution (28–30%, Merck) was used as base for the coprecipitation reaction. BBS were introduced as aqueous solution, starting from BBS isolated from composted urban biowastes (from ACEA Pinerolese Industriale S.p.A., Italy). 
Samples investigated in this study were produced and characterized following the procedure already reported in the literature [4]. The magnetic hybrid nanomaterial was coded as MB3 (3 wt.% in the starting BBS solution). 
Photodegradation tests performed in solar simulator were carried out in an Atlas XLS Suntest solar simulator under constant illumination from a Xenon lamp with a constant UV irradiance of 30 Wm−2 (i.e., typical solar UV power during a sunny day). Preliminary photodegradation tests were also performed under natural solar radiation in CPC reactors at the Plataforma Solar de Almeria (Spain). 

Results
Preliminary dark tests carried out maintaining under stirring 0.2 g L-1 of MB3 in 0.5 L of aqueous solution containing 100 gL-1 of each MCs, at natural pH (pH = 6.1) and at 20°C showed that both S and C do not undergo any adsorption phenomenon at the magnetite/BBS hybrid surface, whereas ca. 50% of both F and I are adsorbed onto MB3 after 1 hour of contact time. On the other hand a not-negligible (ca. 1.6 mg L-1) release of iron ions from MB3 in the aqueous medium almost entirely attributable to Fe(II) was observed in the dark at acid pH (pH = 3).
In order to check the photo-stability of the selected MCs at both natural and acidic pH (pH = 6.1 and 3.0, respectively), irradiation experiments were performed in an open glass solar bottle reactor maintaining under stirring, at 20°C, a 100 g L-1 aqueous solution of MCs in the absence of the magnetic nanomaterial. Results are reported in Figure 2. 


Fig.2. MCs relative concentration after 2 hours of irradiation in the absence of H2O2/MB3. 

In addition it was also studied the effect of introducing H2O2 (1 mM) in the light-driven process, at pH=6.1, in the absence of MB3. A significant enhancement of F and I degradation extent was observed. Indeed, after only 1 hour of irradiation at circumneutral pH, the residual amount of I in solution decreased to ca. 50%, whereas the complete degradation of F was achieved. Both S and C remained almost constant giving a percentage of abatement of ca. 15% and 8%, respectively. Based on these preliminary results, the order of stability of the four MCs selected is the following: C ≈ S > I > F.
The effect of MB3 as iron-source has been explored for the photo-Fenton-like process carried out in the solar simulator at two different pHs (ca. 6 and ca.3). In general, the trends obtained suggested that at circumneutral pH the performances of abatement are still scarce, while at pH close to 3, in all cases almost complete degradation was reached after two hours of irradiation (i.e., ca. 7% of S residual content, whereas the other three MCs are all below 2%).















Keywords: Water treatment; photo-Fenton reactions; Iron oxides; Magnetic materials; Biomasses valorisation.

Acknowledgements. Authors acknowledge SFERA program (EC-CIEMAT-PSA contract n°312643), Starting Grant RTD (project number: 54_RSG17NIR01), Marie Sklodowska-Curie Research and Innovation Staff Exchange project H2020-MSCA-RISE-2014, Mat4treaT (Project number:645551) and Compagnia di San Paolo and University of Torino, Project Torino_call2014_L2_126 through ‘‘Bando per il finanziamento di progetti di ricerca di Ateneo–anno 2014’’ (Microbusters).

References
[1] 	N. Klamerth, L. Rizzo, S. Malato, M.I. Maldonado, A. Aguera, A.R. Fernández-Alba, Water Research 44 (2010) 545.
[2] 	A. Bernabeu, S. Palacios, R. Vicente, R.F. Vercher, S. Malato, A. Arques, A.M. Amat, Chemical Engineering Journal 198–199 (2012) 65
[3] 	A. Bianco Prevot, F. Baino, D. Fabbri, F. Franzoso, G. Magnacca, R. Nisticò, A. Arques, Environmental Science and Pollution Research 24 (2017) 12599
[4]	F. Franzoso, R. Nisticò, F. Cesano, I. Corazzari, F. Turci, D.Scarano, A. Bianco Prevot, G. Magnacca, L. Carlos, D. O., Chemical Engineering Journal 310 (2017) 307



1


